The effectiveness of clove seed extracts as a viable anaesthetic agent in transportation of Tilapia guineensis were evaluated. Juveniles of T. guineensis (mean length 13.12cm ±1.20; mean weight 45.64g ±1.84) were exposed in three replicates to different concentrations (0.00mg/L-control; 5.00; 10.00; 15.00; 20.00 and 25.00mg/L) of clove seed aqueous extracts, extracted in water . The exposed fish were later transported in open plastic tanks from Buguma to Aluu, in Port Harcourt over a distance of 50km. Before and after transportation, glucose and cortisol levels in the plasma of the fish were assessed. The result of the study indicated a significant reduction (P<0.05) in the levels of cortisol and glucose in the plasma of the fish with increasing concentrations of the anaesthetics. The lowest survival rate (30.0%) was recorded in the fish transported with no anesthetics, while 100% survivals were recorded in fish exposed to 15.0 and 20.0 mg/L of the extracts. In conclusion, this study suggests that application of clove seed extracts within the range of 10.00 and 20.00 mg/L reduced the stress response in T. guineensis during transportation, thereby enhances their survival. 
Introduction
Fish transportation is an integral aspect of aqua cultural practices, it involves movement of small or large quantity fish over some distances to the waters where they are to be stocked (Orji, 2005; Akinrotimi et al., 2007) , usually fish are transported for a number of reasons which include: collection and transportation of brood stock, fingerings, juveniles and adult fish to stocking sites, to market and also for the purpose of introduction of fish species into a new culture environment (Berka, 1986; Cooke et al., 2004; Akinrotimi et al., 2013a) .Several authors have reported that fish transportation from one location to another can elicit stress, which affects fish performance negatively and consequently reduced its survival in the culture conditions (Robertson et al., 1987; Kiessling et al., 2009; Akinrotimi et al., 2011a) . Conversely, huge loses and severe mortality in newly stocked fish farms has been associated with acute stimulus such as handling and transportation (Iwama et al., 1998; Akar, 2011) . As part of the handling procedures in intensive fish farming, transportation times may vary considerably, depending on the distance covered. As a rule, fingerlings and juveniles are usually transported from the hatchery to culture site. In this process, the fish should arrive the farm in good physiological conditions to meet the criteria demanded by the farmer (Carneiro et al., 2002; Akinrotimi et al., 2011b) .
The rapid expansion of fish farming activities in recent times raised an issue about the sustainability of the aquaculture sector. Akinrotimi et al. (2013b) noted that animal welfare is an important aspect of aquaculture sustainability. Although animal welfare has been defined in different ways by different authors (Broom 2011; Hagen et al., 2011; Ohl and van der Staay 2012) , the most important aspect of their assertions is that poor welfare of fish in aquaculture is associated with overstocking, and stretches the adaptive capacity of the animals in different ways (McEwen and Wingfield 2003 Akinrotimi et al., 2011c; ) , which may result in chronic and acute stress-related physiological and behavioural changes, which in extreme cases may lead to mortality. Successive or cumulative exposure to stressors may compromise the adaptive capacity of an animal and lead to allostatic overload and poor welfare (Korte et al., 2007; Akinrotimi et al., 2011d) . It is therefore important to identify the effects of stressors such as transportation on fish welfare using glucose and cortisol level as indicators.
Under stressful conditions, fish body responds to the stress immediately to the stress known as primary and secondary response. The primary responses involve the perception of an altered state by central nervous system and the release of stress hormones, which include cortisol into the blood circulation system of the fish (MartinezPorchas et al., 2009) . Cortisol is the principal glucocorticoid secreted by the interrenal tissue located in the head-kidney of teleost fish (Iwama et al., 1999; Harper and Wolf, 2009; Akinrotimi et al., 2011e) . This hormone is released by the activation of the hypothalamus-pituitaryinterrenal axis (Mommsen et al., 1999) . While primary stress responses trigger the sequential secondary response such as elevation of glucose levels (Mommsen et al., 1999; Barton 2002) . Glucose is a carbohydrate that has a major role in the bioenergetics of animals, being transformed to chemical energy (ATP), which in turn can be expressed as mechanical energy (Gorissen et al., 2012) . In stressful situations the chromaffin cells release catecholamine hormones (Nikoo and Falahatkar, 2012) . Those stress hormones in conjunction with cortisol mobilize and elevate glucose production in fish through glucogenesis and glycogenolysis pathways (Gust et al., 1991; Matsunaga and Watanabe, 2010) to cope with the energy demand by the stressor in adverse conditions Anaesthetics are being used to minimize the stress associated with aquaculture procedures. Hence, anaesthetizing fish prior to transport can reduce metabolic rate, oxygen demand, reduce general activity, increase case of handling and mitigate the incidence of stress response (Carmichael et al., 1984; Akinrotimi et al., 2013b) . Plant extracts is a potential source of new and effective anaesthetics in fish handling and transportation in intensive aquaculture (Akinrotimi et al., 2014a) . With the recent awareness on safe aquaculture practices, to develop "green" anaesthetics with low environmental and health risks, coupled with the prohibitive cost and scarcity of conventional anaesthetics (Akinrotimi et al., 2014b) , there is the need therefore to develop a viable alternative anaesthetics of plant origin which could be used in fish transportation. In this study the main substance used is an aqueous extracts of seed of the clove plant (Sygium aromaticum). Its major an active ingredient is eugenol (70-90%). Clove extracts is considered an appropriate anaesthetic for fish because of its low cost, availability and safety to fish and humans (Small 2004; Sinka and Nealb, 2009 ).
Tilapia guineensis is an important culturable species in the brackish water zone of Nigeria, that are usually transported by fish farmer to the site where they are to be cultured. In most cases, they arrived at the stocking site in deplorable physiological conditions which negatively impacts on their performance in the culture condition. Hence the need for their proper transportation using natural anaesthetics. This study therefore assesses the effectiveness of clove seed as anaesthetic agent in transportation of T. guineensis.
Materials and Methods

Experimental fish
A total of 150 T. guineensis juveniles (mean length 13.12cm 1.20; mean weight 45.64g 1.84) were harvested at low tide from the recruitment ponds at African Regional Aquaculture Center, (ARAC), Brackish Water Research Station. Buguma, Rivers State, Nigeria. They were transferred immediately to the hatchery where they were acclimated to laboratory conditions for seven days (Gabriel et al., 2004) . During this period they were fed with ARAC feed (35.0% C.P) at 3% body weight per day, with the water in acclimation tanks being renewed every two days (Akinrotimi, 2012) .
Preparation of Clove Plant
Dried buds of clove plant (Syzigium aromaticum) were purchased from Choba market, in ObioAkpor Local Government Area of Rivers State. Plant identification was done using the keys of Agbaje (2008) . The buds were taken to the laboratory where they were ground into powder using a kitchen blender (Model H12, Ken Wood, Japan). The milled clove buds were sieved into fine powdery form using 0.1u nylon mesh.
Experimental Procedure
Graded series of ground and filtered seeds were weighed and applied directly at (5.0, 10.0, 15.0, 20.0 and 25.0 mg/L) in three replicates in to the water in 20L experimental tanks filled to 10L mark, the mixture was stirred vigorously to allow homogenous mixing. The fish were later introduced into prepared experimental tanks (15 in number) at the rate of 10 fish per tank in each triplicate. Then they were transported to Port Harcourt, over a distance of 50km.
Laboratory Analysis
Before and after transportation, blood samples (l mL) for glucose and cortisol analysis were taken from the vena caudalis of the fish using 5ml syringe fitted with 21G needle. The glucose level was evaluated with glucose meter (Accuchek model RS 910, China) while cortisol was done with aid of cortisol analyzer (RTTG, Model, China). The number of survival of the experimental fish were noted and recorded in each of the concentration.
Water Quality Analysis
Water quality parameters such as nitrite, ammonia and sulphide were evaluated using LaMotte salt water test kit (Model AQ-4, Chestown, Maryland, USA), pH was determined with pH meter, (Model, HI 9812, Hannah Products, Portugal). The dissolved oxygen levels were evaluated by the Winkler method (APHA, 1985) .
Statistical Analysis
Data from this experiment were analyzed with one way analysis of variance (ANOVA) test at 0.05 probability and difference among mean where existed were determined by Tuckeys multiple comparison test (Zar, 1996) .
Results and Discussion
The water quality parameters in experimental tanks were of the same range with no significant difference ( Table 1) . The water quality variables monitored in this study were within the same range with the control (without anaesthetics). Similar result was observed in the transportation waters of largemouth bass (Micropterus salmoides) using clove (Cooke et al., 2004) . This is because use of anaesthetics in fish transport minimizes its activity, and the excretion of ammonia through the gills. Hence clove seed extracts maintain a relatively good water quality during fish transportation (Akinrotimi, 2014) .
The concentration of clove extracts used in this study induced all anaesthesia stages in fish; however, the fish anaesthetized with 20 mg.L -1 reached total loss of equilibrium and had lower opercula movement rates at a significantly shorter time, as compared to other lower concentrations tested (Table 2) . In brief procedures, adequate anaesthetic concentration should promote total loss of equilibrium without necessarily in-ducing all anaesthesia stages (Akinrotimi et al., 2013a) . In the present study, the concentrations of 10, 15, and 20 mg.L -1 of clove extracts promoted total loss of equilibrium at similar intervals, and equally promote the fast recovery of fish anaesthetized with the extracts (Table 3) Therefore, 10-20 mg.L-1 is the optimal concentration range to induce anaesthesia in handling of T. guineensis in aquaculture procedures. This is because an ideal anaesthetic agent for use in aquaculture must induce fish within 3 mins and recover within 5 mins, these two criteria was found within the range of 10-20 mg.L -1 in application of the clove extracts.
The effect of clove seed extracts on the glucose and cortisol levels of T. guineensis during transportation is shown in Figure 1 and 2 respectively. The result indicated that the levels of glucose and cortisol in the plasma of the fish reduced as the concentrations of the clove seed extracts increased, with the highest values recorded in the control, and the lowest in the fish transported with 20.00mg/L concentration of the anaesthetics.. The lowest survival rate (30%) was observed in the fish with no anaesthetics, while 100% survival were recorded in fish exposed 10.00, 15.0 and 20.0mg/l of the extracts (Figure 3) . In aquaculture practices the understanding of fish stress response is essential to avoid stress-related problems, and to improve fish quality in rearing conditions so as to optimize production. As in other vertebrates, fish experiencing stress show a number of physiological changes that are expressed through a number of particular indicators (Broom, 2011) . Stress has been described as an energy drain of energy that might be utilized in growth diverted to catabolic utilization (Gorrissen et al., 2012) . This study evaluated the use of different concentration of clove seed extracts as a tool for sedating fish for handling and transportation in aquaculture. Changes in the concentration of plasma cortisol depend upon the nature of stress stimuli and the duration of the stress as well as also the magnitude and severity of stress (Barton, 2002) and species under investigation (Metz et al., 2003; Nikoo and Falahatkar, 2012) . In the present study, since there is a significant increase in the cortisol concentration immediately after traportation.
The control group (transport without anaesthetics) showed an increasing in plasma cortisol levels when compared with anaesthetized ones. Although exposure of the fish to clove extract reduced the cortisol response considerably, however, it did not abolish it completely. This result can compared favourably with that of Akar (2011) in blue tilapia (Oreochromis aureus) and small (2004) in chanell catfish (Ictalurus punctatus) transported with clove oil. These authors reported that cortisol level decreased with increasing concentration of the clove anaesthetics. This trend may be due to the blockage of sensory information to the hypothalamus in the brain consequent of high concentrations of anaesthetics applied (Iversen et al., 2003) .
Mobilization of readily available energy in the form of glucose is suggested to enhance the survival of fish It is perhaps, not surprising, therefore, that elevation of plasma glucose has been recognized as a part of generalized stress response in fish. The reduction in glucose levels of T. guineensis with increased concentrations of clove extracts in this work is similar to the findings of Larissa et al. (2011) in Nile tilapia (Oreochromis niloticus) transported with clove oil. However, Lambooij et al. (2009) observed an increase in glucose levels of common carp (Cyprinus carpio) transported with anaesthetic metomidate, this contradictory trend according to Di Marco et al. (2011) lies in the ability of clove to block cortisol secretion which stimulate glucose production. As cortisol is considered to be a major mediators of the increase in plasma glucose levels seen in stressful fish (Barton, 2002) . In this work, high survival was recorded in the fish exposed to different concentrations of clove seed extracts. This observation corroborated that of Akbari et al. (2010) in transportation of Indian shrimp (Fenneropenaeus indicus), and that of Anyanwu et al. (2011) in transportation of Penaeus monodon with clove extracts.This according to Akinrotimi et al. (2014b) is due to light anaesthesia induced by the application of clove for the mitigation of stress associated with transportation, which allows the fish to breathe effectively, and maintain equilibrium during transportation, thereby enhances its survival.
Conclusion
In conclusion, this study suggested that the use of clove seed extracts reduced the stress response in juveniles of T. guineensis during transportation. Assessments of clove oil for aquaculture purposes have to be encouraged because this natural anaesthetic is becoming more evident as a safe and low cost alternative for the sustainability of aquaculture industry.
